Objective: Mitral valve surgery may be regarded as less favourable for training, due to greater mortality risk, technical complexity, and difficulty for the supervisor to observe. We examined this perception by reviewing a multicentre experience. Methods: We analysed a multicentre database over a 7-year period containing 2216 isolated and combined mitral procedures. Of these, 2048 were performed by consultants and 168 by trainees (92% vs 8%) of varying seniority. Preoperative characteristics, early postoperative outcomes and 6-year survival were compared between groups. Propensity-score matching was performed to correct for group differences. Results: Trainees were less likely to operate on patients, who had previously undergone coronary surgery (consultant 4.3% vs trainee 1.2%, p = 0.043) and those with moderate to severe mitral regurgitation (86% vs 81%, p = 0.012). There were no other statistically significant differences in preoperative variables, such as urgency, endocarditis and left-ventricular dysfunction. There were similar rates of mitral valve repair (48% vs 51%, p = 0.48). Trainees were more likely to operate on rheumatic valve pathology (20% vs 28%, p = 0.012). Intra-operatively, trainees had longer aortic cross-clamp times (119 AE 52 vs 136 AE 50 min, p = 0.0001). At 30 days, mortality was comparable (4.5% vs 3.6%, p = 0.56) with a trend towards higher any mortality/morbidity in consultant procedures (33% vs 26%, p = 0.059). At 6 years, survival was similar (79 AE 1.4% vs 78 AE 4.0%, p = 0.73). After derivation of 142 propensity-score-matched patient pairs, trainees cases still experienced longer cross-clamp times (121 AE 58 vs 137 AE 52 min, p = 0.023), but there was similar 30-day mortality (4.2% vs 3.5%, p > 0.99) and any mortality/morbidity (28% vs 24%, p = 0.52). Six-year survival between matched pairs was also similar (74 AE 7.2% vs 80 AE 4.4%, p = 0.64). Trainee status did not predict early or late adverse events after multivariate Cox regression with and without propensity-score adjustment. Conclusions: Trainee outcomes are not inferior even when corrected for risk. This suggests that excellent operative training and supervision can be achieved in mitral valve surgery. #
Introduction
Training in cardiac surgery has become challenging, as patients become increasingly high risk while clinical performance is placed under closer public scrutiny. In light of this, concern exists over the challenge of providing trainees with operative experience while maintaining excellent clinical results [1] , especially in complex combined operations [2] .Cardiothoracic training programmes place an emphasis on coronary artery bypass grafting (CABG) and aortic valve surgery [3] . A number of studies have shown trainee and consultant outcomes in these operations to be comparable [3] [4] [5] .
However, given the prevalence of mitral valve surgery in a consultant surgeon's caseload, it is relatively underrepresented in training. This may be because mitral procedures are more technically demanding, patients are inherently of higher operative risk and without video assistance, it can be difficult for the supervisor to observe and supervise in detail compared with coronary and aortic valve surgery. Thus, an individual having trained on only a handful of mitral operations will be expected to perform them independently once he/she attains consultant status.
Whether or not mitral valve surgery should feature more in training thus depends on the provision of evidence for its safety and effectiveness for patients. This issue has received little attention with two published studies limited to single institutions [2, 6] and an analysis of early outcomes only [2] .
We aimed to evaluate the impact of training in isolated and combined mitral valve surgery on patients' early and midterm outcomes across 10 institutions. To our knowledge, we are the first to present a multicentre experience of this pertinent clinical topic.
Methods

Data collection
We performed a review of the Australasian Society of Cardiac and Thoracic Surgeons (ASCTS) database, containing all adult cardiac procedures performed from 1 July 2001 to 31 May 2008. Data were prospectively compiled as part of the ASCTS database programme, which records all adult cardiac surgery procedures in the state of Victoria, Australia, with mandatory participation of all six government-funded adult cardiac surgery units. Selected interstate units have joined in recent years.
During the study period, the participating institutions were the Royal Melbourne Hospital, the Alfred Hospital, Monash Medical Centre, Geelong Hospital, Austin Health, St Vincent's Hospital Melbourne, Flinders Medical Centre (South Australia), Cabrini Hospital (Victoria), Mater Health Services (North Queensland) and Lake Macquarie Hospital (New South Wales). The latter three institutions are private hospitals, where trainees do not operate. Five of the 10 units had a single cardiac surgery trainee post during the study period, while one hospital had two posts. Four hospitals were not training hospitals. Usually, trainees are appointed to units for 12 months and never beyond 2 years. All institutions were included for analysis to ensure that individual units were not identified.
The database contains detailed information on patient demographics, preoperative risk factors, operative details, postoperative hospital course and mortality and morbidity outcomes. Data were collected prospectively using an agreed data set and definitions as part of clinical care by surgeons, perfusionists, resident medical officers and database managers. Thirty-day mortality information is obtained by telephone contact with patients, family members or the medical practitioner. The database is regularly subject to external audit measures with recently reported overall data accuracy of 97.4% [7] . Individual patient consent was waived for this study, as the institutional review board of each participating unit had previously approved the use of these databases for research. Midterm survival status of patients was obtained from the Australian National Death Index. The closing date was 30 September 2008.
Study end points
Mitral valve operations, in isolation or combination with other procedures, were identified and the operating surgeon classified as consultant or trainee (fellow, senior registrar and junior registrar). The latter were those in which the trainee performed the entire operation as the primary surgeon or the critical portions of the procedure, such as the valve repair/ replacement itself. Consultant supervision varied depending on the level of trainee experience, ranging from the consultant assisting throughout, to the consultant surgeon being available, but not present in the operating room.
Our primary study end points, defined before analysis, were 10 serious early postoperative events. These were 30-day mortality, prolonged ventilation (greater than 24 h), return to the operating theatre for bleeding, return to theatre for valve dysfunction, myocardial infarction (MI), stroke, new renal failure, deep sternal infection, septicaemia and requirement for mechanical support. MI was defined as at least two of the following: cardiac enzyme elevation (creatinine kinase-myocardial band (CK-MB) > 30 U l À1 or troponin > 20 mg l À1 ), new wall motion abnormalities and new Q waves on at least two serial electrocardiograms. New renal failure was defined as at least two of the following: serum creatinine increased to >0.20 mmol l À1 , doubling or greater increase in serum creatinine over the preoperative value and a new requirement for renal replacement therapy. We also examined a composite end point of 'any mortality/morbidity', which encompasses the events listed above. Our secondary end point was 6-year survival.
Statistical analysis
Preoperative demographic and investigative data, operative variables and postoperative mortality (30-day), early morbidity and 6-year survival were compared between consultant and trainee groups.
Categorical variables were as expressed as frequencies and compared using the Fisher exact and chi-squared tests. Continuous variables were expressed as mean AE standard deviation and compared using the unpaired t-test. The Kaplan-Meier method was used to analyse survival. Multivariable logistic regression and Cox regression, both performed in a backward stepwise fashion, were used to identify independent predictors of early and late outcomes, respectively.
Propensity-score matching was performed to correct for the bias associated with assignment of cases to trainee surgeons. A propensity score was generated for each patient in the standard fashion by performing a logistic regression, with the trainee category as the dependent variable. Baseline clinical and investigative variables, which are expected to influence cardiac surgery patient outcomes (and thus, assignment of cases to trainees), were included. These are displayed in Table 1 . The c-statistic was calculated for the propensity model. Once generated, patients were matched one-to-one on their propensity score without replacement, using the 'greedy' matching method with a fixed calliper width of 0.01. The ASCTS database guidelines state that individual units cannot be identified in any research. As such, the non-training units could not be excluded for propensity-score analysis, in accordance with these guidelines.
Following matching, standardised differences were used to assess the degree of baseline variable balance in the manner described by Austin [8, 9] . A high degree of balance is reflected by a standardised difference of 10%. Standardised differences were calculated for the entire non-matched population as well to aid reader identification of imbalanced baseline variables. In the matched sample, paired t-tests were used for continuous data, while McNemar's test -which compares discordance of two dichotomous variables -was used to compare categorical postoperative outcomes. For mid-term survival analysis, the technique proposed by Klein and Moeschberger was used in the manner described by Austin [9] . 
Results
A total of 2216 isolated and combined mitral valve procedures were identified of which 2048 (92%) were performed by consultants and 168 (8%) by trainees. Of the trainee cases, 79 (47%) were performed by a senior registrar (trainee), 50 (30%) by a junior registrar and 39 (23%) by an overseas fellow, who will usually have completed training in another country. Table 1 shows the preoperative clinical and investigative characteristics of the two groups. Trainees were less likely to operate on patients, who had received prior CABG and those with >2+ mitral regurgitation. Trainees were more likely to operate on rheumatic pathology ( p = 0.012) and mitral stenosis ( p = 0.054). There were no statistically significant differences in other major clinical, investigative and operative variables. There were only 19 minimally invasive mitral operations, all performed by consultants.
Intra-operatively, trainee cases had longer aortic crossclamp and cardiopulmonary bypass times (Table 2 ). In the early postoperative period, there were no statistically significant differences in individual adverse events, including 30-day mortality, stroke and MI (Table 2 ). However, there was a trend towards a greater rate of any mortality/morbidity in the consultant group ( p = 0.059). Multivariate logistic regression identified several independent predictors of early adverse events. These are listed in Table 5 .
Survival data were available for all patients with a mean follow-up time of 36 AE 25 months. Fig. 1 displays the KaplanMeier survival curves, which revealed no statistically significant difference between consultant and trainee patients (log-rank p = 0.73). Cox regression identified several independent predictors of mid-term mortality, and these are listed in Table 5 .
The propensity-score model constructed performed well with a c-statistic of 0.75. We were able to match 142 trainee cases one-to-one to consultant patients, thus representing an 85% matching rate. Of 60 baseline variables, 57 were well balanced with a standardised difference of 10% (Table 3) .
Amongst the 142 propensity-matched patient pairs, trainee cases were associated with longer cross-clamp times. Apart from this, there were no statistically significant differences in the rate of early adverse events, including the 'any mortality/morbidity' end point (Table 4) . At 6 years, there was no statistical difference in patient survival between consultants and trainees (Klein-Moeschberger p = 0.64) (Fig. 2) .
Discussion
We have shown that assigning the trainee surgeon to act as the primary operator for appropriately selected cases does not affect the rate of early adverse events and 6-year survival of patients undergoing isolated or combined mitral valve surgery. While single-centre series have been published [2, 6] , this study is the first to report results of a multicentre 'realworld' experience. With 2216 procedures analysed in total, it represents the largest series addressing the subject of training in mitral valve surgery.
It should be noted that four units included in the analyses were not involved in training. All units perform the full spectrum of adult cardiac surgery, and there is no reason to suspect that patient outcomes should vary between training and non-training units. Individual units were not identified in compliance with database guidelines. Fig. 1 . Six-year actuarial survival for all study patients undergoing isolated or combined mitral valve surgery.
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Propensity-score matching has been widely employed to correct for group differences in retrospective studies. A recent systematic review of the use of these methods in the cardiovascular surgery literature [9] presented a series of suggestions for authors, which we have followed closely. Unlike the studies highlighted therein, we used standardised differences to assess baseline variable balance instead of the standard statistical significance testing.
These methods enabled us to ensure that almost all major baseline variables were balanced (standardised difference of 10%) between the 142 propensity-matched pairs before examining outcomes. When analyzing the impact of trainee Absolute numbers (percentages).
surgery, we believe that the use of McNemar's, paired t-and Klein-Moeschberger tests has fully accounted for matching and sensitively identified any differences between groups. The finding that consultant patients were more likely to have received a prior CABG and more severe mitral regurgitation is not unexpected, as these may present a less favourable context for training. Furthermore, trainees were more likely to operate on rheumatic and stenotic mitral valves, as replacement or commissurotomy may be regarded as less technically challenging than correction of prolapse and regurgitation. Valve repair for rheumatic mitral stenosis is performed less frequently than replacement [10] , and this Absolute values (percentages). Table 5 . Independent predictors of early outcomes and midterm mortality in all study patients identified using multivariable logistic and Cox regression respectively. observed difference may be the result of the surgical team's reluctance to attempt repair and decide upon replacement from the outset, an option that requires less operative experience.
We detected a trend towards a higher composite end point of any mortality/morbidity amongst consultants in the entire cohort. This may have been a reflection of the fact that consultants operated on higher-risk patients, despite the fact that were only able to identify subtle differences in preoperative risk profile. This notion is supported by the fact that any trend was not evident after analysing the propensity-matched pairs.
Compared with consultants, trainees' cases experienced longer aortic cross-clamp times even after propensity-score matching, reflecting the inherent learning curve associated with surgery in general, and perhaps mitral surgery in particular. However, these differences have not been shown to necessarily increase mortality rates [11] [12] [13] . Indeed, no difference in 30-day mortality was observed amongst the matched pairs.
Small variations in the quality of surgical care may not necessarily manifest in the short term [4] . Encouragingly, we have demonstrated that survival at 6 years is not adversely affected by training.
Our findings support the single-centre results published by Baskett et al. [2] and Alexiou et al. [6] , which also reported trainee and consultant outcomes to be similar. The latter reported a lower trainee mortality rate, attributed to the differences in preoperative clinical profile [6] .
It is impossible to generalise regarding the appropriate timing for a trainee to begin to perform mitral valve surgery. This will depend upon his or her previous operative experience and skills, and upon the surgeon's confidence in his or her abilities to supervise the procedure in a given environment to protect patient safety. This issue remains inevitably subjective, variable and dependent on the balance of surgeon, trainee and patient.
As single-leaflet mitral valve repair surgery is predominantly dependent on judgement and understanding of threedimensional geometry rather than difficult technical suturing, we believe that all senior trainees should be able to perform this, provided the supervising surgeon has an adequate view to enable him or her to guide the decision making and plan for reconstruction. Less-experienced trainees should be able to perform safe valve replacement, provided suture placement and management of the subvalvular apparatus can be similarly observed.
For mitral valve repair, myxomatous degeneration appears the most amenable to training. However, as reflected by our data, trainees are most likely to experience mitral valve surgery through replacement of valves with rheumatic pathology. Barlow valves and ischaemic pathology may require greater experience and judgement than most trainees will likely have obtained.
We acknowledge the limitations of this study. We have shown survival to be comparable both amongst the entire population and in the 142 propensity-matched pairs. However, survival is a crude indicator of the quality of mitral valve surgery. We do not have data on the echocardiographic or clinical follow-up of these patients, which would have better quantified the quality of mitral valve surgery performed by trainees.
Individual surgeons will have contributed to the series, both as a trainee and consultant. As such, this analysis is of categories of surgeon, and not individuals. Furthermore, while the gap in operative experience between a junior trainee and senior consultant is substantial, the senior trainee may only be months away from obtaining consultant status. Thus, overlap inevitably exists across surgeon categories in the database, which may have masked any subtle impact the learning curve in mitral valve surgery could have exerted.
As in any retrospective analysis, intangible factors may have resulted in hidden bias, affecting the assignment of cases to trainees. These include aspects, such as the consultant's subjective assessment of patient frailty, the qualitative appearance of valves on echocardiography and the multitude of potential patient co-morbidities, which may not be captured by the defined database fields. Such variables cannot be quantified, despite our best efforts to model for selection bias.
In addition, we did not analyse the allocation of surgeries on an intention-to-treat basis. Instances where it was necessary for the consultant to complete a procedure the trainee commenced due to problems arising early in the course of the surgery would almost certainly have been listed as a consultant case. The number of such instances could not be quantified due to the lack of a dedicated data field. Nevertheless, this can be viewed as a real-world assessment of the current system of training, which strives to maintain safe patient outcomes.
Our study's findings may not be generalisable to minimally invasive mitral valve surgery (MIMVS) [14] performed via a minithoracotomy or partial lower sternotomy. Here, only 19 (0.9%) patients underwent MIMVS, which had not yet gained widespread introduction during the study period. While there is a steep learning curve associated with MIMVS [15] , this may be partially offset by superior thoracoscopic visualisation of the valve, which potentially facilitates improved intraoperative supervision and teaching. It is therefore not clear whether more widespread application of a minimally invasive approach, which is a growing trend both locally and internationally, would alter our conclusion. Fig. 2 . Six-year actuarial survival for 142 propensity-matched patient pairs undergoing isolated or combined mitral valve surgery.
Conclusions
We have shown in this large, multicentre, retrospective analysis that allowing the trainee to act as primary surgeon does not affect the outcomes of mitral valve repair or replacement. When approached selectively and judiciously, with patients' co-morbidities and surgeons' experience taken into account, training in mitral valve surgery is just as feasible as coronary and aortic valve surgery.
